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Apollo Exploration of the USA
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Differentiated source for basalts:

Density instability.
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Samples from the Moon

Mare (extrusive)

Highlands (intrusive)



Activity of the Moon

Lacus Felicitatis (north of Mare Vaporum
And south of the Apollo 15 landing site)

Schultz, P. H., M. |. Staid, and C. M. Pieters (2006
from recent gas release. Nature, v. 444, p. 184-18
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Why Should We Go Back to the Moon?
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Perspective: that's about the Helium

weight of a fully loaded railroad
box car, or a maximum Space
Shuttle payload.

Sample data give estimates of 3He on the Moon to be >1 million tonnes.




What Do We “Know?”? About the
Lunar Surface?

Global Element Maps



Impact Chronology

<arliest evidence of life on Earth

Oldest fossils on Earth
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Number of asteroids or comets hitting the Moon

(Courtesy of B. A. Cohen)



Recent Mission Results

Volatile Deposits:

Chandrayaan-1,
Water Ice Signature LCROSS/LRO
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Mars



ation on the Interior of the

Very little @
No direct
Difficult to

ass beads from fire fountaining.
crystalline mare basalts.

jions: Mare basalts = 100-250 km;
Glasses = 360-520 km.




Endogenous Volatiles

Water in the Glass Parent Magma:
260-745 ppm

Cl



Endogenous Volatiles

Water in Mare Basalt
Sources: 2-5 ppm



What do We Know about
the Moon?

Implications for the Giant Impact hypothesis?



Apollo Seismic Stations

The complete Apollo passive seismic network operated

from 20 April, 1972, until 30 September, 1977.

Apollo 11 Geophysics Package
deployed on the Moon



Seismology of the Moon

Associated with heating and
expansion of the crust.
Lowest magnitude of all
Moongquakes.

- 850-1,000 km. > 7,000 recorded. Originate from “nests” -
>300 nests defined from Apollo seismic data to date. Small magnitude (< 3).
Associated with tidal forces. Predominantly near side.

> 1,700 events representing meteoroid masses between 0.1 and 100 kg were
recorded 1969-1977. Smaller impacts were too numerous to count.

- some > 5 magnitude. Exact locations
unknown. Indirect evidence suggests focal depths of 50-200 km. May

be associated with boundaries between dissimilar surface features.
Exact origin unknown.



The Moon Base

The Moon is NOT seismically dead!
Shallow Moonquakes

[Oberst & Nakamura, 1992, Lunar Base Workshop, LPI; Oberst & Nakamura (1991) Icarus 91, 315-325]

Shallow Moonquake

28 Shallow Moonquakes






Seismology of the Moon

Shallow Moonquake APl ecordon st Aoono 2 Tt Dainty et al. (1974)
Apollo 16 Seismogram b The Moon 9, 11-29.

From: Nakamura et al. (1974)
Proc. Lunar Sci. Conf. 5th, 2883-2890
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LP = Long Period instrument;
SPZ = Short Period vertical component.






Why Should We Go Back to the Moon?
We have NOT “been there-done that?’!!
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Recent Mission Results

New Rock Types not
represented in the
sample collection.

Spinel-rich
lithologies:
Chandrayaan-1

Pure Anorthosite:
Kaguya (SELENE)



Why Should We Go Back to the Moon?
Unresolved Science Questions

Reviews in Mineralogy and Geochemistry,
Volume 60. Mineralogical Society of America.

Chemie der Erde — Geochemistry, 69, 3-43
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Unresolved Science Questions

Oberst & Nakamura (1992) 2nd Conference on Lunar Bases & Space Activities

What is the nature of the lunar volatiles in the
PSRs? What form are they in and what is their
distribution?

What is the mechanism for the OH/H,0
adsorption around the poles and is this related to
the PSR deposits?



Why Should We Go Back to the Moon?
Unresolved Science Questions

The Moon MAY
why so few from the p5ye 3 small core ~250 km.
far side? MAY be Fe, FeS, but MAY be

ilmenite (FeTiO;).

Current models suggest that the
core would be solid if Fe metal, but

Plastic/liquid could still be liquid if it was FeS.
zones?
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Commercial Services for Lunar
Communications.

Commercial Services for
Refueling depots.



Why Should We Go Back to the Moon?

Moon is close;

Learn to live and work productively off planet;

Exit strategy from the Moon is critical,;

Lunar Exploration Roadmap ( )



Robotic Precursor Missions

e The current robotic missions
(LRO and LCROSS) are not
sufficient.



Robotic Precursor Missions

* Important for science and
exploration (new lithologies and
potential resources);

* Enabling technology for other
destinations.



Impact Chronology



Summary

Solar System science



Summary






